The estuarine isopod Spiweroma rugicauda is polymorphic for body colour. The frequency of one morph, Yellow, was studied over a 3-year period in a population in the Tyne estuary, East Lothian, Scotland. The Yellow form is controlled by a single dominant gene, the recessive condition being represented by the morph Grey, which is at a frequency of around 060 in the population studied.
INTRODUCTION
The study of seasonal variations in the frequencies of genotypes in natural populations can reveal the action and the strength of natural selection (Dobzhansky, 1947; Strickberger and Wills, 1966; Bishop, 1969) . West (1964) produced evidence for temporal changes in the frequencies of two morphs of the isopod Splzaeroma rugicauda and suggested that natural selection was the cause.
The work presented in this paper describes the results of an investigation into seasonal changes in the frequency of Yellow in a Scottish population of the isopod. The frequency of Yellow was much higher than the average in British populations and a preliminary study had shown marked changes in frequency.
METHODS
The estuary studied was that of the River Tyne, East Lothian, Scotland (Map references OS 6 3NT 627787). The population density was high (Heath, 1973) and large samples of isopods (2 000-3000) could be easily obtained.
Random samples were taken every 2-4 weeks, over a period of 3 years from the same 10 x 10 yd area of the marsh. Samples, obtained with a long-handled net of a mesh ( inch square) which was impassable to even the smallest specimens, were taken as the incoming tide rose on to the salt marsh. Details of the sampling and scoring procedure are given by Heath (1973) .
Water temperature and salinity were also recorded on the sample date and estimations of mean water temperature and mean salinity were made, details of which will be given in another paper. These two variables were chosen for study as they were easy to measure in the field and easy to reproduce in the laboratory. It also seemed likely that there would be considerable seasonal variation in these two factors.
The survival of Yellow and Non-Yellow animals was compared at 100 C., and 00 C. in water of low salinity, for reasons which will become apparent when the frequency and environmental data have been presented.
A total of five experiments was conducted at 100 C., each experiment consisting of two "replicates ", A and B, with 50 Yellow and 50 NonYellow animals in each" replicate ". The animals in each replicate were kept in 200 ml of water of the desired salinity (obtained by diluting sea water of known salinity), in plastic sandwhich boxes in constant temperature rooms. Four experiments were carried out at 00 C. under the same general conditions. More detailed descriptions of the experimental method are given by Heath (1973) . The numbers of animals surviving each day were recorded and the mean lengths of life for the two phenotypes calculated. The means were then compared by the Mann-Whitney" U " test (Snedecor and Cochran, 1971 ).
RESULTS (i) Frequency data
The frequency data for the 3 years: October 1968 -October 1969 , October 1969 -October 1970 and October 1970 -September 1971 presented in fig. 1 , and the full data in table 1.
The data for each year are highly heterogeneous (table 2) , although differences between consecutive samples are rarely significant (table 3) . The fairly clear minimum in the frequency of Yellow in August/September will not be discussed in this paper as it occurred over the breeding season (July-early October) when a complexity of factors, as yet unresolved might have been acting. All the other data (October-May/June) fell outside the breeding season and any changes in frequency cannot have been due to differences in breeding time or success. This period (October-June) would appear to be characterised by a decline in the frequency of Yellow from October to January, followed by a rise in frequency of Yellow from January to June. All 3 years show similarities in the time and magnitude of the changes.
There are no objective criteria for dividing up the data. Bishop (1969) divided the year into the period when the young are distinguishable from the parents (July-March) and the period when the young are indistinguishable from the parents In this work, progeny and parents were not generally scored separately, so this procedure could not be adopted. x -x, 1969-69;-, 1969-70; A-A, 1970-71. A preliminary analysis of the data was made by combining the frequency data by months and comparing mean monthly frequencies between successive months in 1 year and the same month in different years. The results of this are given in table 4. They show that the different years tended to have similar mean monthly frequencies and that where they were different, it was often because the changes of frequency occurred at slightly different times. Thus November 1968 had a lower frequency than November 1969 because the frequency declined between October and November in 1968, but there was no decline in frequency in 1969 until November-December. In 1970 there was evidence of a decline in frequency between December-January although the frequency was generally much lower in autumn 1970 than in the corresponding periods in 1968 and 1969 . In 1969 and 1970 , the decreases failed to be significant. There was, however, fairly good evidence for a 10 month decline in all 3 years at this time. After January there were no significant increases in frequency between months in 1969, but there was a highly significant rise between April and May in 1970 and a similar rise between June to return the highest frequencies, with no significant differences between years, suggests that there may be a true maximum around this time of year. The initial hypothesis put forward for testing was that there was a decline in frequency during the autumn and a rise in the following months, caused by certain environmental conditions, which will now be considered. During the October-January period, it was found that estimated mean water temperature lay between about 12° C. in October and 5° C. in January, and mean salinity, although usually high in the late summer, fell at some stage in the autumn to around 1 5% with minimum salinities below l5% (Heath, 1973) . The stage at which this decline in salinity occurred varied in the 3 years, being in October in 1968, and in December in 1969 and 1970. Thereafter, from JanuaryMarch, estimated mean water temperatures were below 5° C., except in 1971 which was particularly mild.
Estimated salinities were still around the value of the preceding period. After March, water temperatures rose to around 8° C. in May and 15° C. and higher in June and July, whilst estimated salinities also rose slowly, to summer values with the mean above 30% and minima above I 5% (Heath, 1973) .
These conditions were used in designing the experiments since it was apparent that the fall in frequency during the autumn coincided with water temperatures above about 5° C. and the subsequent rise in frequency perhaps coincided with temperatures below 5° C. The salinity was generally low over the whole period.
(iii) Results of experiments
The experimental results are given in table 5, and full data are given by Heath (1973) . All the animals were taken from the wild before any decline in the frequency of Yellow was noted. Reference to column 6 will show that in only one case (2/2A) did the mean length of life of Non-Yellow significantly exceed that of Yellow although the difference in 3/3A approached formal Again there are no significant differences between the mean lengths of life of the two morphs, although in seven out of the eight comparisons, those of Yellow are greater than those of Non-Yellow, T = 1, P <0.01.
Whilst seven of the eight medians are greater for Yellow than for NonYellow, this is not significant (T = 6), because of the much greater median of Non-Yellow compared to Yellow in 6/2A.
(iv) Re-analysis offiequency data It is now possible to divide up the frequency data on the basis of the experimental results. The experimental results predict that over the OctoberJanuary period, when temperatures were in the range 12°-5° C., Yellow = Normal deviate; P = probability level; di = difference in mean length of life; di* = difference in median length of life.
T = The smaller sum of like signed ranks.
might be expected to decrease in frequency. In the January-March period when temperatures were below 50 C. Yellow might be expected to increase in frequency. Regression analyses have been carried out by the method of Snedecor and Cochran (1971) and the results are given in table 6. Yellow decreased in frequency over the October-January period in the 2 years 1968-69 and 1970-71, although not apparently in 1969-70. This may merely be a failure to detect a decrease because of the generally small sample sizes in this period (see table I ).
Apart from 1971, there is no evidence for a rise in frequency over the January-March period and the reasons for this will be considered in the Discussion. Regression coefficient; z = normal deviate; P = probability level.
4. Discussion There are several possible causes of the observed changes in morph frequency. They are:
1. Systematic errors in scoring. 2. Changes in gene expression with season or age. 3. Differential behaviour of morphs. 4. Natural selection.
The first three possibilities are discussed in detail by Heath (1973) and are considered unlikely to be important.
Selection by physical factors in the environment provides the most acceptable explanation for both the field and laboratory findings. This was the explanation put forward by Bishop (1969) to explain frequency fluctuations in Yellow over the winter. In the population he studied, Yellow was at a low frequency (1 3 per cent) and hence changes in frequency were much less easy to detect. He observed an increase in the frequency of Yellow in the young part of the population over the period July-March, when 2 years' data were treated together. The frequency of Yellow amongst adults did not show any increase in either year, neither did the frequency in the combined young/adult data.
In 1970-71 the young and adults, in my samples, were scored separately and showed an overall increase in the frequency of Yellow amongst the young (from 00499 to 0.0717, chi-squared 8l46, I d.f., P<001), over the July-March period. There is no indication from the data of Bishop (1969) that the decline in frequency during the October-January period and the subsequent rise in frequency noted in this work, occurred. The changes which I observed in my population may, therefore, have occurred in Bishop's population, but not at a readily detectable level. Bishop (1969) showed that the Yellow morph survived better than the Grey morph at 0°-2° C. in brackish water and the results of my experiments agree with this finding. However, when such low temperatures might have occurred in the Tyne, over the January-March period in 1969 and 1970, there was no rise in the frequency of Yellow (table 6), but in 1971, when temperatures were much higher than in the 2 previous years, an increase in frequency was recorded. Thus, although Yellow survived significantly longer than Non-Yellow at 00 C. in experimental situations, the difference was not apparently realised in the field, suggesting that perhaps these low temperatures rarely occurred in the Tyne. Instead, it appears that once temperatures rose again after March in 1969 and 1970, and after January in 1971, the frequency of Yellow increased. This suggests that some change is occurring in the physiological status of the animals, for it would mean that whereas Yellow animals fared less well than Non-Yellow at 100 C. in the autumn, Yellow fared better than Non-Yellow at 100 C. in the spring. The exact basis of this is not yet clear but it is possibly due to differences in growth rate. Yellow animals, although more susceptible to fresh water at 100 C., may grow more rapidly than Non-Yellow under these conditions, and if large animals survive low salinities better than small animals, the disadvantage of Yellow may be reversed. Evidence for size differences between Yellow and Non-Yellow has been produced (Heath, 1973) as has evidence for enhanced survival of larger animals (Newberry, 1971; Heath, 1973) .
In my work, despite these large fluctuations in frequency occurring within each year, the net effect on frequency is very slight. The frequency of Yellow at the start of the breeding season (July) does not differ significantly in the 3 years, neither does the frequency in May in any year differ significantly from that recorded by West (1964) from the same locality (the Tyne) in May 1961, suggesting that there is remarkable stability of frequency.
Little can be deduced as to the mechanism which is maintaining this polymorphism, although several possibilities have been discussed by Heath (1973) . West (1964) and Bishop (1969) both found evidence for a deficiency of Yellow progeny in crosses of Yellow x Yellow animals. Heath (1973) found no significant deviations from either a 2:1 or a 3:1 ratio in crosses of this type. The decrease in frequency of Yellow over the early part of the breeding season ( fig. 1) is suggestive or mortality of young Yellow over this period in the wild. The magnitude of this decrease is too large to be attributable to mortality amongst homozygotes which will be rare (if mating is random). The evidence for homozygote lethality is not clear.
It seems most likely that Yellow is maintained in the population by a balance of two or more selective forces as was suggested by Bishop (1969) .
Such a situation may give rise to an equilibrium when the two selective coefficients are not equal and fluctuate in value (Cook, 1971) .
